Introduction

E
thnic differences in obstetric factors such as birthweight and gestation have been reported in England for non-white minority ethnic groups. 1 The extent to which ethnic health inequalities are reflected in early life in Scotland, and whether these are consistent across generations, is hard to determine given the lack of comprehensive obstetric data by ethnic group. This is an important enquiry given legal and policy commitments to reduce health inequalities in Scotland 2 and differences in the size and composition of minority ethnic groups between England (8% non-white, with Indians forming the majority and Chinese the smallest) and Scotland (2% non-white, with Pakistanis forming the majority and black Scottish the smallest). 3 It is also important in the light of extensive research linking low birthweight, preterm birth, early nutrition and smoking during pregnancy to risk of morbidity and mortality in early life and adulthood as well as health of the offspring. [4] [5] [6] To understand properly the effect of ethnic differences, it is essential to disentangle other relevant effects, particularly deprivation and smoking. Previous literature has demonstrated social disadvantage gradients for the maternal behaviour and outcomes studied here, 7 and it is clear that the contribution of maternal and socio-economic factors varies by outcome and ethnic group. [8] [9] [10] Socio-economic patterns have been demonstrated for caesarean section, 11 preterm births, 12 birthweight 7 and breastfeeding uptake. 13 Smoking is entangled in the complex relationship between socio-economic disadvantage and maternity outcomes. [14] [15] [16] Women who smoke during pregnancy are more likely to have experienced social disadvantage throughout the lifecourse, 17 have a background of lower educational attainment 14 and live in the most deprived areas. 7 They also tend to be lighter in weight, experience lower weight gain during pregnancy, have a poorer diet 11 and are more likely to have adverse pregnancy outcomes. 15 Women who smoke before pregnancy are more likely to smoke during pregnancy and post-partum exacerbating the ill effects on their offspring. 12 Women who smoke are also less likely to breastfeed. 18 Low uptake of breastfeeding at first birth is a strong predictor of subsequent breastfeeding uptake in socially disadvantaged Scottish women. 18 Although smoking rates remain lower and stable in some minority ethnic groups, 19 the potential for acculturation in subsequent generations and in younger ages should not be ignored, particularly because social disadvantage affects smoking uptake in minority ethnic women in a similar way to white women. 20 In this article, we have used data linkage to examine routine health data and compare maternal characteristics and pregnancy outcomes by ethnic group, exploring generational differences where possible. We tested the hypothesis that there are important ethnic variations in obstetric risk factors and outcomes in Scotland.
Methods
As described previously, 2 an anonymized data set was created using probability linkage methods, linking the 2001 Census for Scotland to an extract of hospital discharge data (Scottish Morbidity Records 02 and records from the Child Health Surveillance System). The data set for this analysis consisted of the linked female 2001 census population, with a first live or still birth between 1 May 2001 and 30 April 2008 (using a 10-year look back to identify first births by excluding those with earlier birth records). We focused on first births to remove the complicating influence of past obstetric history.
Mean maternal age (years), gestational age (weeks) and birthweight (grams) of the baby were compared between ethnic groups using means with 95% confidence intervals (CI). Mean birthweight is presented by ethnicity and maternal place of birth [British Isles (including Northern Ireland and Republic of Ireland)/non-British Isles, hereafter referred to as UK/non-UK] and adjusted for maternal age, smoking, housing tenure, individual education and gestational age. Proportion (%) of smokers (smoking history and smoking during pregnancy) and proportion of preterm births and breastfeeding at 6-8 weeks were compared by ethnic group. Caesarean delivery, breastfeeding uptake and preterm birth rates were compared between ethnic groups, and data are presented here as age-adjusted risk ratios (RRs) with 95% CI using Poisson regression with robust variance. For preterm birth, because of small numbers, we combined the Bangladeshi with other South Asian and the African, Caribbean, black Scottish and other black group as the 'African' group. The standard comparison population was the white Scottish population at the 2001 census. Data were analysed using SAS version 9 and Stata version 11. RRs were expressed relative to a value of 100 for the reference population (white Scottish).
To determine the optimum way to adjust for confounding by socio-economic factors, we examined the relationship between eight indicators of socio-economic position and preterm birth (<37 weeks gestation), low birthweight (<2500 g) and breastfeeding uptake (the numbers were insufficient to assess this for all outcomes). The indicators were (i) the postcode-based Scottish Index of Multiple Deprivation; (ii) car ownership; (iii) highest qualification of the individual; (iv) highest qualification in the household; (v) National Statistics Socio-economic Classification at individual and (vi) household levels; (vii) household tenure; and (viii) economic activity in the previous week. The measures identified as being the most consistent (association with the outcome in the same direction in all groups) were selected. For breastfeeding, it was highest educational qualification (household), and for preterm birth and birthweight, it was housing tenure. These two indicators satisfied the prerequisite for confounders in that they were associated with both risk factor and outcome but not causally related. Maternal individual educational level is well known in the literature to affect maternity outcomes, so we also included this in the models. 21 
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Results
In all, 144 344 women were identified from the linked data set as having had a first live or still birth between 1 May 2001 and 30 April 2008. Table 1 shows that in Scotland the average age of women at first birth was 27.6 years. Pakistani women were the youngest compared with all other ethnic groups, followed by the white Scottish. White Irish, Chinese and other ethnic group women were the oldest. Table 1 shows that 26% of women from white Scottish and mixed background were recorded as smoking during pregnancy. Other white British and white Irish women had similar smoking prevalence, lower than that of the white Scottish but higher than that of other white women. Substantially fewer women from South Asian, Chinese and other ethnic group smoked during pregnancy ($4-8%). Table 1 shows that caesarean section RRs were similar by ethnic group except for a 10% lower risk in other white British (90.1) and other white (90.4) women and 30% higher risk in African women (131.7) compared with the white Scottish, with little change after adjustment for individual education.
Maternal age
Maternal smoking
Caesarean delivery
Gestation at birth and preterm births Table 2 shows small differences in mean gestational age by ethnic group with lower gestational age in African, Pakistani, Indian, Chinese and other ethnic group compared with the four white a: Data suppressed due to risk of disclosure; M = mean.
groups. Among the white groups, white Scottish had the lowest mean gestational age compared with other white British, other white and white Irish. Preterm first birth was commonest for Pakistani and the combined grouping of African (African, Caribbean, black Scottish and other black) women and least common for those from any mixed and white Irish groups. Table 2 shows that compared with the white Scottish, age-adjusted RRs for preterm birth were $15% lower in other white British and other white, 27% lower in white Irish and 21% higher in Pakistani women. Adjustment for maternal education, housing tenure and smoking modified some of these differences slightly but had no marked effect on any group. Table 3 shows that unadjusted mean birthweights were 60-90 g lower in the white Scottish compared with the other white groups and 41-270 g lower in all non-white minority groups compared with the white Scottish. Among South Asians, Pakistani mean birthweights were the lowest at 3066 g followed by Bangladeshi and Indian. Birthweights were similar for African, Caribbean and black Scottish groups. Women in the any mixed background group had similar birthweights to the other South Asian and Chinese groups. Table 3 shows that adjustment for gestational age attenuated some birthweight differences between ethnic groups. Adjustment narrowed the gap between the other white British and white Scottish by 30 g (50% reduction); however, adjusted birthweights remained significantly lower for the white Scottish compared with all other white groups. Differences between white groups and minority ethnic groups remained considerable. Adjusted birthweights were lowest for the Bangladeshi group.
Birthweight
Adjustment for maternal age (data not shown) had a small effect overall in attenuating ethnic differences, for example reducing the difference between the white Scottish and other white British by 7 g. Table 3 shows that the addition of maternal age made little difference to the model, and adjusted birthweights remained significantly different by ethnic group. Table 3 shows that further adjustment for smoking and education attenuated birthweight differences between the white groups with the difference between white Scottish and other white British reduced to 16.5 g (75% overall reduction). Adjustment for these factors increased birthweights in all non-white minority ethnic groups except the Bangladeshi group where unadjusted birthweights were higher. Large differences between the white groups and minority ethnic groups remained. However, further adjustment for these factors attenuated the differences (28 g difference) between the Indian and Pakistani groups. Further adjustment for housing tenure had little effect on attenuating ethnic differences in birthweights (difference between white Scottish and other white British = 17 g). Table 4 shows a trend for higher gestational age-adjusted birthweights in mothers born outside the UK (compared with those born in the UK) for most ethnic groups. Migrant Pakistani women gave birth to heavier babies by 100 g compared with Pakistani mothers born in the UK, a difference not attenuated by additional adjustment for maternal age, smoking and maternal education.
Breastfeeding rates at 6 weeks of age At 6-8 weeks, 26% of the cohort was breastfeeding (exclusive or combined) with clear ethnic variation. Even after adjusting for age and education, white Scottish women had lower rates than all other ethnic groups. Of the white groups, the white Irish had the lowest adjusted RR for breastfeeding compared with white Scottish women (RR 125; 95% CI: 115-137). The non-white groups tended to have higher breastfeeding rates than the white groups, with Chinese having the lowest adjusted ratios within the non-white group (RR 149; 95% CI: 128-174) and other South Asian having the highest (RR 223; 95% CI: 184-271).
Discussion
Principal findings
Our data show that, in our cohort of first singleton births, non-white minority ethnic groups had lower smoking rates and higher breastfeeding rates than white Scottish women. However, they tended to have lower birthweights, even after adjustment for gestation, maternal age, smoking, education and housing tenure. The differences in caesarean section rates tended not to be significant, apart from the higher rate in African women.
Within the white groups, the white English, Irish and other white minority ethnic groups all had lower smoking rates, higher breastfeeding rates and higher mean maternal age compared with the white Scottish resident in Scotland. Within the white groups, Scottish women had higher rates of preterm delivery and low birthweight. These differences were only partly attenuated by the most valid socio-economic indicators such as educational level and housing tenure and not maternal factors such as age and smoking. The other white British and other white groups had lower caesarean section rates, but the caesarean section rate in the white Irish was slightly higher.
Findings in relation to the literature
Maternity behaviour
Our finding of lowest maternal age in Pakistani women is in keeping with previous work from England showing that these women tend to have their first birth earlier than white UK and Indian counterparts. However, the differences in our cohort were smaller than previously reported 8, 22 and may reflect social and economic differences between Pakistani women resident in Scotland and those in English samples.
We found low smoking prevalence during pregnancy in Indian and Pakistani women similar to previous reports from England. 8 The Chinese group shared the low prevalence of smoking seen in South Asian women, and our data are consistent with the general smoking prevalence reported in the Scottish Health Surveys for these groups. 23 Our data show marked heterogeneity with the highest smoking prevalence in the white Scottish group. The proportion of white Scottish women who had previously smoked was higher than that reported for white Scottish women in previous health surveys. 23 This may reflect a greater differential response rate in surveys compared with routine data.
Scotland in general has lower reported breastfeeding uptake compared with England. 24, 25 Our findings of overall 26% breastfeeding at 6-8 weeks is similar to national statistics that show that rates have remained static since 2006-07. 26 In England, the proportion of infants being breastfed totally or partially at the 6-8 week check is higher at 44-47% from 2009 to 2012, respectively. 27 Data from the English Millennium Cohort Study (MCS) show that at roughly 6-8 weeks, $40% of white mothers, 63% of Indian mothers, 44% of Pakistani, 58% of Bangladeshi, 75% black Caribbean, 84% of black African mothers and 72% of other ethnic group were still breastfeeding, albeit not exclusively. 28 These data are similar to those of the Infant Feeding Surveys, although the way that the ethnic groups are described is less comprehensive. 29 This is comparable with our data in these groups except that our proportions were lower in Indian women by 8% and substantially lower in Caribbean and African groups. Education had a greater effect in attenuating breastfeeding rates in white groups than nonwhite minority groups, highlighting the strong role of other, possibly cultural, factors in influencing breastfeeding uptake in these groups.
Pregnancy outcomes
In contrast to data from a recent systematic review of 76 studies, we found no evidence of higher caesarean rates in minority ethnic women except in the African group, where a 30% excess did not reflect the magnitude found previously in this group. 30 Consistent with previous data, we found higher preterm birth rates in Pakistani women, however, not in Indian women, as previously reported. 31, 32, 9 This excess was not explained by socioeconomic indicators, which is similar to findings in other studies. 10 Results from the MCS 8 suggest that for black Caribbean, black African, Bangladeshi and Pakistani infants, socio-economic factors were important in explaining birthweight differences and, for Indian and Bangladeshi infants, maternal and infant factors were important in explaining birthweight differences. Patel et al. suggest that some of the variation may be due to the early maturation of black and Asian fetuses. 9 There may also be differing effects of age on birthweight in different ethnic groups. 33 Gestational age, maternal age, smoking and socio-economic indicators did not attenuate birthweight differences in minority ethnic groups in our study. These findings may also support the 'migrant pond effect' in which the health status of the local reference population is a major determinant of the relative health of the migrant groups within the country in which they live. 34 Women who were born abroad tended to have higher birthweight babies than women within the same ethnic groups born in the UK. This may reflect a 'healthy migrant effect,' or there may be differences in diet and nutrition. 35 A similar picture has been seen in England, where African and Migrant women have lower odds of preterm birth and low birthweight compared with women of these ethnic groups born in England and Wales. 36 Unfortunately, as reported by the Reproductive Outcomes And Migration collaboration, there is a relative paucity of high-quality studies in other Western countries that have looked at perinatal outcomes related to country of birth by ethnic group. 37 
Implications of findings
Strengths and limitations
The general strengths and limitations of this study have been discussed previously. 2 The strengths include the overall size (4.65 million people), the availability of an ethnic code completed by the householder on behalf of the household or by individuals and first Scottish data on these outcomes by ethnic group including first UK data on differences by specific white ethnic groups, mixed background and Chinese and separate reports for Pakistani, Indian and Bangladeshi. The validity of available indicators of socioeconomic position is not yet well established in multi-ethnic studies. We have tested eight indicators and selected the best of these. Our methods were systematic and are reported in more detail elsewhere. 2 The weaknesses of the study include the small population size for some non-white populations, and therefore small number of events and imprecision of estimates. One of the consequences of these small numbers is that, for some of the analyses, we have had to amalgamate these heterogeneous groups with consequences for generalizability. This is a particular issue for people of African descent.
38,39
Conclusion
Women from non-white minority ethnic groups in Scotland are less likely to smoke in pregnancy and more likely to breastfeed than white Scottish women. However, they tend to have babies of lower birthweight, even after adjustment for gestational age, maternal age, education, smoking and housing tenure. This effect is more noticeable for women who were born in the UK compared with women who were born elsewhere.
White English, Irish, and other white women also have reduced tendency to smoke and are more likely to breastfeed than white Scottish women. They also tend to be older. Their babies tend to have higher birthweight, even after adjustment for gestational age, maternal age, education, smoking and housing tenure, although the difference is considerably attenuated.
These findings probably reflect poorer general health in white Scottish women. Unfortunately, there is evidence from other studies that women from minority ethnic groups tend to change their maternal behaviours detrimentally the longer they live in the UK. 40 Reducing smoking during pregnancy and improving socioeconomic circumstances for white Scottish women are imperative to prevent intergenerational inequalities in health.
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Key points
Data linkage of census and health service data sets was used to compare maternal characteristics and pregnancy outcomes by ethnic group in Scotland. White Scottish women tend to be younger, more likely to smoke and less likely to breastfeed than other white and non-white ethnic groups, but these differences are not fully explained by differences in socio-economic indicators. Although non-white minority ethnic groups have the healthiest maternal behaviours, overall they tend to have lower birthweights than other groups.
These findings probably partly reflect poorer general health in white Scottish women, but better understanding of the reasons for these ethnic variations have the potential to benefit women from the majority population.
